New, radiatively generated, LO quark (u, d, s, c, b) and gluon densities in a real, unpolarized photon are presented. We perform a global 3 parameter fit, based on LO DGLAP evolution equations, to all available data for the structure function F γ 2 (x, Q 2 ). We adopt a new theoretical approach called ACOT(χ), originally introduced for the proton, to deal with the heavy-quark thresholds. This defines our basic model (CJKL model) which gives a very good description of the experimental data on F γ 2 (x, Q 2 ), for both Q 2 and x dependences. For comparison we perform a standard fit using the Fixed Flavour-Number Scheme (FFNS cjkl model), updated with respect to the previous fits of this type. We show the superiority of the CJKL fit over the FFNS cjkl one and other LO fits to the F γ 2 (x, Q 2 ) data. The CJKL model gives also the best description of the LEP data on the Q 2 dependence of the F γ 2 , averaged over various x-regions, and the F γ 2,c , which were not used directly in the fit. Finally, a simple analytic parametrization of the resulting parton densities obtained in the CJKL model is given.
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Introduction
The photon structure function has been recognized as an important quantity already in early days of the Parton Model [1] . It has attracted even more attention since the seminal paper by Witten [2] , which shows that F γ 2 can serve as a unique test of QCD. This expectation was based on the fact that the (asymptotic) point-like solution of the Q 2 evolution equation, summing the leading QCD corrections, can be obtained for F γ 2 without additional assumptions. Further studies showed the need of the hadronic, VMD-type, contribution to F γ 2 , and consequently the need of an input, like for every other hadronic structure function.
The structure function F γ 2 is extracted from measurements in deep inelastic scattering on a photon target, which can be performed in e + e − experiments. The F γ 2 data are used to construct parametrizations of the parton distributions in the photon. The need for a resolved photon interaction, i.e. were a photon interacts via its partonic agents, has become apparent in other type of processes involving photons, namely in the production of particles with a large transverse momentum. A recent review of the experimental situation and the existing parametrizations can be found in [3] .
Our motivation for a new global analysis of the F γ 2 data and for constructing a new parton parametrization for a real unpolarized photon is twofold. On the one hand, there is a vast amount of new experimental data on F γ 2 (x, Q 2 ) that has not been used yet to produce the parton parametrizations for the photon. Two recent parametrizations: GRV [4] and GRS [5] used respectively about 70 and 130 experimental points, while at present a total of 208 independent F γ 2 (x, Q 2 ) points exist. On the other hand, there are discrepancies between the theoretical calculations and experimental results for some processes initiated by real photons in which heavy quarks are produced 1 . Let us just mention here the D * -and D s -meson photoproduction [7] , [8] and [9] or the D * -meson production with associated dijets [7] at HERA, as examples. The disagreement between the theoretical and experimental results is even more profound for the open beauty-quark production in both HERA [10] and LEP [11, 12] measurements.
The idea of the radiatively generated parton distributions has been successfully introduced by the GRV group first to describe the parton distributions in the nucleon [13] and pion [14] , and later to create the LO and NLO parton parametrization for the real [4] and virtual photon [15] . Here we follow this approach for a real photon case limiting ourself to the analysis based on the LO QCD. The NLO analysis is under preparation.
As mentioned above there is a problem with the QCD description of heavy quark production in processes initiated by photons. Therefore, our analysis especially focuses on the heavy-quark contributions to the F γ 2 (x, Q 2 ). We apply a new Variable Flavour-Number Scheme (VFNS) approach, denoted as ACOT(χ), proposed for heavy-quark production in the ep collision ("electroproduction") in [16] . For comparison we perform a standard Fixed Flavour-Number Scheme (FFNS) fit as well. Since these two approaches are based on very distinct schemes, and since they need different evolution programs, we will refer to them as to two models, CJKL (ACOT(χ) type) and FFNS cjkl models, respectively. Our paper is divided into six parts. In section 2 we describe various approaches including the ACOT(χ) scheme [16] , applied to the production of heavy quarks in hadronic processes. Section 3 is devoted to the description of the F γ 2 in LO QCD, paying special attention to an implementation of the ACOT(χ) scheme in the calculation of the F γ 2 (x, Q 2 ). In section 4 a description of the two global fits performed by us is given. In particular, we present the solutions of the DGLAP evolution in both models. We describe in detail the assumptions for the input parton densities. In the fifth section of the paper, the results of the global fits are discussed and compared with the data for the F γ 2 (x, Q 2 ) , and for the F γ 2 (x, Q 2 ) averaged over various x-regions. A comparison with LEP data for F γ 2,c is presented in section 5 as well. The summary of the paper and an outlook of work in progress can be found in section 6. Finally, in the appendix we give a simple parametrization of the CJKL (LO) parton distributions.
2 Various schemes for description of heavy-quarks production: proton-target case
In this section we describe various schemes which are used in the calculation of the heavy-quark production in hadronic processes. There exist two standard schemes. In the Fixed FlavourNumber Scheme (FFNS) the light quarks (u, d and s) and the heavy ones (c and b) are treated on different footing. The light ones are treated as being massless, and together with the gluons, are the only partons in the proton. The massive charm-and beauty-quarks are produced in the hard subprocesses -they can only appear in the final state of the process. In the second scheme, the Zero-mass Variable Flavour-Number Scheme (ZVFNS), when the characteristic hard scale of the process is larger than some threshold associated with a heavy quark, this quark is also considered as a massless parton in the proton, in addition to the three light quarks. In this way, the number of different types of quarks (flavours) which we treat as partons in the proton increases with the scale of the process.
For the Deep Inelastic Scattering on the proton (DIS ep ), where the structure functions of the proton are measured, the condition for considering a heavy quark to be a parton of the proton is given by a simple (kinematic) threshold condition for the total energy in the γ * p collision W , namely W > 2m h (from now on we will denote the heavy quarks by h). It defines the kinematically allowed region for the production of a heavy-quark pair. However, for the structure functions, e.g. F has been introduced to replace the Bjorken x as an argument in the heavy-quark h density in the ZVFNS contributions. More details can be found in Sec. 3.
Although the above discussion was focused on the proton case, the problems with the proper treatment of the heavy-quark thresholds in the parton distribution are very similar for any target. In this paper we adopt the ACOT(χ) scheme to the real photon case for the very first time.
3 Description of the F γ 2 in the ACOT(χ) scheme
In this section we first recall the basic facts related to the structure function F γ 2 (x, Q 2 ) for the real photon. Then we introduce the ACOT(χ) approach for the photonic case.
The parton densities in the photon
The Deep Inelastic Scattering on a real photon (DIS eγ ) allows to measure the structure function F γ 2 , and also other structure functions
see [1] [2] [3] . In the Parton Model this is described at lowest order by the Bethe-Heitler (BH) process, γ * γ →(see Fig. 1 ).
In the leading logarithmic (ln Q 2 ) approximation or, in short, in the leading order of QCD (LO QCD) the photon structure function F γ 2 (x, Q 2 ) can be written in terms of quark (antiquark) densities q
where N f is the number of different quark flavours, which can appear in the photon ("active quarks"). Note, that q
The evolution of the parton densities with ln Q 2 is governed by the inhomogeneous DGLAP equations. In LO we have for a quark (similarily for an antiquark) and a gluon density
The k(x) term on the right side of Eq. (5) comes from the Bethe-Heitler process of Fig. 1 ; for 3 colours we have
5 · Figure 1 : The Bethe-Heitler process γ * γ → qq.
The functions P i (x) are the LO splitting functions [22] P(x) = 4 3
Note that the function k(x) describes a photon into quark splitting, so one has k(x) ≡ P qγ (x). 
keeping the heavy-quark masses in the calculation. It reads
with
We call this contribution F γ 2,h | direct since here the real photon (i.e. the target photon) interacts directly. However, there exists another heavy-quark contribution, related this time to the process with the resolved initial photon, namely
with a gluonic parton of the photon-target (as in Fig. 1 with γ → G γ ); it gives
where
3.1.2 Heavy-quark contributions to F γ
in the ZVFNS
In the ZVFNS the number of "active quarks" changes with the hard scale, as described in the previous section. For low scales the sum in Eq. (4) extends to N f = 3 but whenever a heavy quark threshold is surpassed the value of N f is increased by one. It is worth mentioning that in some parton parametrizations for a real photon the heavy-quark densities do appear, however they are described in the threshold region W ≈ 2m h only by the above Bethe-Heitler formula (Eqs. (10) (11) ). Moreover, instead of the restriction on W one takes sometimes a (reasonable) condition on Q 2 (see, for instance, the GS parametrization [23] ). Of course well above a heavy-quark threshold, such quark can be included among the active (massless) quarks and then N f → N f + 1, see e.g [14] .
The ACOT(χ) prescription combines the FFNS and ZVFNS schemes, so we have to add all relevant contributions from both approaches. For the light-quark contributions we take the form given in Eq. (4) with N f = 3, while for the heavy quarks we include the following terms
where 2 ), via the k(x) term. Therefore we must subtract from (16) the following terms
coming from an exact solution of a part of the DGLAP equation, namely
integrated over the
Similarly, F γ 2,h | resolved from the γ ⋆ G γ → hh process, has a ln Q 2 part corresponding to the collinear configuration included already in the DGLAP equation for q
The term to be subtracted reads in this case
It is based on an approximated solution for other part of Eq. 5, namely
The solution (19) is obtained by the integration of Eq. (20) over the same Q 2 region as above, after neglecting the Q 2 dependence 3 of α s and G γ . The final subtraction term is
So, finally we have for heavy quarks:
A graphical representation of all terms included in the analysis, Eqs. (16) and (21), is presented in Fig. 2 .
Further, we need to ensure that all terms containing the heavy-quark h disappear when W → 2m h . The FFNS contributions, F Eq. (14) vanishes for W → 2m h because then χ h → 1 and the corresponding integral disappears. So, we can do the same with the q γ h distribution and the subtraction terms, if instead of x we introduce the χ h variable (Eq. (15)) slightly shifted from x. This way we force the heavy-quark distribution and the second term of the subtraction contribution (the integral term) to vanish at the corresponding threshold. Unfortunately, unlike for the proton, in the case of the photon we are left with the F γ 2,h | dir,sub contribution which is now proportional to χ
2 and does not vanish for χ h → 1. In the large Q 2 region, where the ZVFNS is reliable, this change of variables is irrelevant. In the numerical calculations we ensure that the total contributions due to heavy quarks to F γ 2 are not negative. This way we effectively introduce small additional terms near the charm-and beauty-quark thresholds. The final formula for the F
As can be seen the heavy-quark distributions are included in the second sum as q γ h (χ h , Q 2 ), with χ h being functions of x (and Q 2 ). We parametrize the final form obtained for these distributions in the Appendix as simple functions of x and Q 2 .
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The χ h variables of the ACOT(χ) scheme remind of the so called "slow rescaling" obtained in early papers on the charm-quark production in the DIS ep (e.g. [24] ), where the Bjorken x was replaced with ζ
4 Global fits -solving the DGLAP evolution
Using all the existing F γ 2 (x, Q 2 ) data we perform two global fits, both based on the LO DGLAP evolution equations. One fit uses the ACOT(χ), the other a FFNS model for the heavy-quark contributions.
First we introduce the basic ingredients which are common for the two considered models.
Mellin moments
The LO DGLAP evolution equations are very much simplified by transforming them into the Mellin-moments space. The n-th moment for the quark or gluon densities, f γ i , is defined by
Analogous definitions can be used for the splitting functions P n ij . The evolution equations in the Mellin space have the generic form
5 That means that any further x → χ h substitution is not needed.
Obviously, the first term on the right hand side appears only for the quark densities. For simplicity, in the following we will skip all subscripts and superscripts wherever possible.
Nonsinglet-and singlet-parton densities
To solve the DGLAP equations we need to decompose the parton densities into the singlet and nonsinglet (in flavour space) combinations. For the nonsinglet (NS) case we have
and e i stands for the corresponding quark electric charge. Similarly for the singlet (S) densities we have
In the singlet case the DGLAP equations (25) become a matrix equation witĥ
Point-and hadron-like parts
The solution of the DGLAP equations can be divided into the so called point-like (PL) part, related to a special solution of the full inhomogeneous equation and hadron-like (had) part, arising as a general solution of the homogeneous equation. Their sum gives the partonic density in the photon, so we have
11 where
Here β 0 = 11 − 2N f /3, P equals P(P ) for the nonsinglet (singlet) parton densities, and 
Input parton densities. VMD
Following [4] , the input scale has been chosen to be small, Q 2 0 = 0.25 GeV 2 , hence our parton densities are radiatively generated. The point-like contributions are given by the Eq. (30), while the hadronic parts need the input distributions. For this purpose we utilize the Vector Meson Dominance (VMD) model [25] , where
with the sum running over all light vector mesons (V) into which the photon can fluctuate. The parametersf 2 V can be extracted from the experimental data on the Γ(V → e + e − ) width. In practice one takes into account the ρ 0 meson 6 and the contributions from other mesons are accounted for via a parameter κ, that is left as a free parameter. We take
In the GRV prescription [4] the parton densities in the ρ 0 -meson are approximated by the pionic ones:
). However, this assumption ignores among others the possible effects of the pseudogoldstone boson nature of the pion, and we are not using it in our analysis 7 . Instead we use the input densities of the ρ 0 meson at Q 2 0 = 0.25 GeV 2 in form of valence-like distributions both for the (light) quark (v ρ ) and gluon (G ρ ) densities. All sea-quark distributions (denoted as ζ ρ ) are neglected at the input scale. At this scale, the densities v ρ , G ρ and ζ ρ are related according to Eq. 34 to the corresponding densities for a photon, see below.
The v ρ density is given by
where from the isospin symmetry
Note, that all the densities in Eq. (35) are normalized to 1, eg.
Following constraints should hold for the v ρ (x, Q 2 0 ) density. The first is related to a number of valence quarks in the ρ 0 -meson, and we have
The second constraint represents the energy-momentum sum rule
We parametrize the input densities as follows
where N g =Ñ g N v , and impose two constraints given by Eqs. (37) and (38) in both models. These constraints allow to express the normalization factors N v and N g as functions of α, β and κ. This leaves these three parameters as the only free parameters to be fixed in the fits to the F γ 2 experimental data.
FFNS cjkl model
In the FFNS cjkl model the number of "active quarks" (N f ) equals 3, so < e 2 >= 2/9.
To describe the hadron-like part of the solution of DGLAP equations for the photon we introduce apart from the valence-like quark and gluon densities also the sea distribution ζ γ had (x, Q 2 ). The up-, down-and strange-quark densities in the photon are then given by the following combinations
From (26) and (28) we get (below we simply use f (43) we obtain the hadron-like part for the individual quark densities.
As the down and strange quarks have equal electric charges there are only two different point-like distributions:
. We calculate them again through the evolution of the singlet-and nonsinglet-combinations of the parton densities. It can be easily checked that distributions read as
Finally, the contribution due to the massive c-and b-quarks are approximated by the BetheHeitler formula (10) (11) (12) 
CJKL model
In the CJKL model all terms originating from both, FFNS and ZVFNS, are included. This means that apart from the light-quark distributions we take into consideration c γ (x, Q 2 ) and b γ (x, Q 2 ), which emerge in the ZVFNS, so here N f = 5.
When five "active quarks" are considered instead of three the DGLAP evolution becomes slightly more complicated and we need more nonsinglet-parton densities than for the simple FFNS model. Here we need f N S 2 , f N S 3 , f N S 4 , and f N S 5 (26) for both hadron-and point-like parts; using them and Σ, calculated for N f = 5, we can express individual quark densities 8 as follows:
8 below we introduce c(x, Q 2 ) and b(x, Q 2 ) to describe densities of c-and b-quarks, respectively, like in any standard massless scheme with 5 flavours. Note also, that formally at the moment we have all five densities at each (Q 2 , x). These "initial" densities for c-and b-quarks are later modified according to the ACOT prescription, leading to the final densities denoted by the same symbols, see main text for a detailed explanation.
For the hadron-like parts we consider, similarly to the FFNS case, the light-quarks densities given by Eq. (42) . Among sea quarks we have now all types of quarks, in particular we have: 
valid at every x and Q 2 .
In the point-like case equality of the electric charges for the up-type and down-type quarks leads to the following relations:
In our analysis performed within the ACOT(χ) scheme we evolve first the singlet and nonsinglet distributions and that way we obtain the gluon g(x, Q
2 ) and light-quarks u, d, s(x, Q 2 ) densities. In each heavy-quark density, ie. for c and b quarks, we replace x variable by the corresponding χ h -variable, where let us recall that χ h = x(1 + 4m
2 ), with m h equal to m c and m b , respectively. For such densities we perform DGLAP evolutions and obtain the resulting c(χ h , Q
2 )-and b(χ h , Q 2 )-distributions. We compute then the F γ 2 (x, Q 2 ) using the Eq. (22) and fit the parameters of the model to the experimental data, what is described in more detail in the next section of the paper.
Finally, we parametrize all our resulting parton distributions analytically with the possibly simple functions of x and Q 2 . This parametrization is given in the Appendix.
Global fits -results
We have performed two fits to all the available F γ 2 (x, Q 2 ) data [28] - [39] . All together, 208 data points were used, including the recent high Q 2 measurement of the OPAL collaboration [39] . Some of the data points are not in agreement with others. We will discuss in detail their influence on the fit in the next section. The fits based on the least square principle (minimum of χ 2 ) were done using MINUIT [40] . Systematic and statistical errors of data points were added in quadrature.
The α s value used in the fits was calculated from the LO formula which depends on N f
For N f = 4 we took the QCD scale Λ (4) equal to 280 MeV [41] . Values of Λ for other N f can be calculated if one assumes a continuity of α s at the heavy-quark thresholds
which gives Λ (3) = 314 MeV and Λ (5) = 221 MeV. Finally, the masses of the heavy quarks are taken to be [41] : m c = 1.3 GeV and m b = 4.3 GeV.
The results of both fits are presented in Table 1 . The second and third column show the quality of the fits, i.e. the total χ 2 for 208 points and the χ 2 per degree of freedom. The fitted values for parameters α, β and κ are presented in the middle of the table. In addition, the values for N v andÑ g obtained from these parameters using the constraints (37) and (38) We see that the obtained χ 2 per degree of freedom is better in the CJKL model than in the standard-type FFNS approach, however it is not particularly good due to poor quality of some data used in analyses. This fact has been already discussed in many papers, e.g. [43] , see also discussion in Sec. 5.1.
The two fits to the same collection of data, although not very different as far as χ 2 is concerned, are obtained with very different sets of parameters. Note, that κ is close to 1 in the CJKL case, while for the other fit it is closer to 2. If this parameter is close to 1, we have in practice only the ρ contribution at the input scale. However this is not the whole story since the κN v and κN g give full normalizations of the valence-like quark-and gluon-densities in the γ. Now, the N v andÑ g are much smaller in the standard approach than in the CJKL model. Finally, let us notice the large difference in both models in the small and large x behavior of the fitted input densities, which correspond to very different α and β parameters, respectively. The FFNS cjkl model has α close to the standard (Regge) one for a valence-quark density (α − 1 ∼ −0.5), however its β, which governs the large x behaviour, is very small, being far from 2, a standard prediction from the quark-counting rule [27] . On the other hand, the CJKL model gives β closer to 2, while its α − 1 is close to zero.
Comparison of the CJKL and FFNS cjkl fits with F γ 2 data and other LO parametrizations
The χ 2 -values, representing the quality of our LO fits, are compared in table 2 with the corresponding χ 2 obtained by us using the GRS LO [5] and SaS1D [42] parametrizations to describe the present F γ 2 data. The comparison is performed for the set of 205 data points, i.e. excluding the points with Q 2 < 0.26 GeV 2 since they were not used in performing the GRS parametrization. The second column gives the number of independent parameters of each model. The overall χ 2 and χ 2 /DOF values are given in the middle of the table for 205 data points. It is clear that both our fits give a better description of the experimental data than the previous parametrizations. This could be expected since we are including more data in our fits. The CJKL model gives the lowest value of χ 2 /DOF, but it still is rather high. This may arise from the fact that we use all available data, and as it was stated (e.g. [43] ), the data published by the TPC/2γ Collaboration [31] are inconsistent with other measurements. We studied this point and in the last two columns of the Apart from this direct comparison with the photon structure-function data we perform another comparison, this time with LEP data which were not used directly in our analysis. The figures 7 and 8 present the predictions for F γ 2 (x, Q 2 ), averaged over various x regions, compared with the recent OPAL data [39] . For comparison, the results from the GRS LO and SaS1D parametrizations are shown as well. We observe that all models give very similar predictions, that are in a fairly good agreement with the experimental data. Only the CJKL model slightly differs from the other models considered; it gives better agreement with the data. The difference between the predictions of the CJKL model and the other models is most striking in the case of the medium x range, 0.1 < x < 0.6 shown in figure 7 . The CJKL curve clearly shows a departure from the simple ln Q 2 -dependence. This is caused by the additional Q 2 -dependence due to the χ-variable. The highest x range, 0.85 < x < 0.98 (see Fig. 8 ) is the second region of a significant difference between the predictions of the CJKL and other models. The predictions split at high Q 2 values, as the CJKL predicts a much softer Q 2 -dependence.
Parton densities
In this section we present the parton densities obtained from the CJKL and FFNS cjkl fits and compare them with the corresponding distributions of the GRV LO [4] , GRS LO and SaS1D parametrizations. First, we present all parton densities at Q 2 = 10 GeV 2 (Fig. 9 ). The biggest difference of our CJKL model as compared to other models is observed, as expected, for the heavy-quark distributions. Unlike for the GRV LO and SaS1D parametrizations, the densities c γ (x, Q 2 ) and b γ (x, Q 2 ) vanish not at x = 1 but, like it should be, at the kinematic threshold. Also the up-quark density differs among models. In the CJKL model it is lower than in other parametrizations for x > 0.1. The same can be seen in Fig. 10 , where for various Q 2 values the up-quark distributions are presented. The up-quark density in the CJKL, FFNS cjkl and GRV LO models have similar behaviour at very small x. The hardest up-quark distribution is obtained in the FFNS cjkl approach, while both the GRS LO and SaS1D predictions are much softer. The same holds in the case of the gluon distribution, shown in Fig. 11 . Finally, the charm-quark densities of the CJKL model and of the GRV LO and GRS LO parametrizations are presented in Fig. 12. Here we see that, in addition to the already mentioned vanishing at the threshold, the charm-quark distribution in the CJKL model is larger than the ones in the other parametrizations. This is particularly true for larger values of Q 2 , where the threshold is very close to x = 1.
Finally, in Fig. 13 we present our predictions for the F γ 2,c . For Q 2 = 5, 20, 100 and 1000 GeV 2 we compare the individual contributions included in the CJKL model. As it was explained in detail in the section 3.2 they all, apart from the F 2,c | sub,dir term, vanish in the W → 2m c threshold. This term dominates near the highest kinematically allowed x. The direct BH term is important in the medium x range. Its shape resembles the valence-type distribution. The charm-quark density contribution, i.e. the term 2xe
, is important in the whole kinematically available x range; it dominates the F γ 2,c for small x. In this region also the resolved-photon contributions increase, but they cancel each other.
Comparison with
A good test of the charm-quark contributions is provided by the OPAL measurement of the F γ 2,c , obtained from the inclusive production of D * ± mesons in the photon-photon collisions [44] . The averaged F γ 2,c has been determined in the two x bins. These data points are compared to the predictions of the CJKL and FFNS cjkl models as well as to the SaS1D and GRS LO parametrizations in Fig. 14. The prediction of the FFNS cjkl model, which as the only one among those compared does not contain the resolved-photon contribution, is based on the point-like (Bethe-Heitler) contribution for heavy quarks only. As seen in the figure it decreases too quickly with the decreasing x, much faster than the predictions from other parametrizations. The CJKL model seems to give the best description of the data for the low x bin, but overshoots the experimental point at high x.
Summary and outlook
A new analysis of the radiatively generated parton distributions in the real photon based on the LO DGLAP equations is presented. All available experimental data has been used to perform two global, 3-parameter fits. Our main model (CJKL) is based on a new Variable FlavourNumber Scheme (ACOT(χ)), applied to the photon case for the very first time. It has a proper threshold behaviour of the heavy-quark contributions. The CJKL-model results are compared to an updated Fixed Flavour-Number Scheme (FFNS cjkl ) fit and to predictions of the GRS LO and SaS1D parametrizations. Our model gives the best χ 2 among those compared. It describes very well the Q 2 evolution of the F γ 2 (x, Q 2 ) , averaged over various x-regions. We have checked that the CJKL fit agrees also reasonably well with the prediction of a sum rule for the photon, described in [45] .
We have also checked that the gluon densities of both CJKL and FFNS cjkl models agree with the H1 measurement of the gluon density (G γ ) performed at Q 2 = 74 GeV 2 [46] . In both models gluon densities are very similar to the gluon density provided by the GRV LO parametrization, which gave so far the best agreement with the H1 data. Further comparison of our gluon densities to the H1 data cannot be performed in a fully consistent way 10 , since GRV LO proton and photon parametrization were used in the experiment in order to extract such gluon density.
One of the motivations for this work was given by the disagreement between the theoretical and experimental results for the open beauty-quark production in two-photon processes in the LEP [11, 12] measurements. We did calculate the LO cross-section for charm-and beauty-quark production in γγ collisions in the ACOT(χ) and FFNS schemes, using the CJKL and FFNS cjkl distributions of partons, respectively. The cross-section for the c-quark production computed in both models agree with the experimental data. The ACOT(χ) model gives slightly better shape of the c-quark distribution. There is a small difference between the results of both models for the b-quark production. We observe an increase of the cross-section for the beauty-quark in the ACOT(χ) approach, as compared to the FFNS result, based on GRS LO parametrization, but it is too small to fit the experimental data. More work on this subject is required. Also, before reaching a definitive conclusion the NLO corrections should be considered and the NLO parton densities for the photon applied. The NLO parametrization in the CJKL model will be presented in a future publication.
A simple analytic parametrization of results of our CJKL model for the individual parton densities is given, and a FORTRAN program calculating parton denisties as well as the structure 2 ) in the is equal 406, for both fitted and parametrized distributions.
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The final parton densities in the real photon are (we skip superscript γ in this section)
Note, that all our densities describe the massless partons, despite the fact that for c-and bquarks we took into account the kinematical constraints. The formulae given in the Appendix, parametrizing densities of both heavy quarks, represent the densities as included in the second sum in the Eq. (22) , that means that for instance the final density b(x, Q 2 ) should be understood as being equivalent to
A FORTRAN code of the parametrization can be obtained from the web pages [48] . The program includes also an option for the F 
A.1.-Point-like part:
We use the following form for the parametrization of the point-like distribution for light quarks and
For the gluon density G P L 
In case of heavy quarks a slightly modified function h P L was applied
with 
For the charm-quark density c P L for Q 2 > 10 GeV 
A.2.-Hadron-like part:
We use a simple formula for the valence-quark density For a gluon distribution we apply In the case of a sea-quark density we use 
Finally for the heavy-quark densities
2 for charm-and
2 for beauty-quark.
For the charm-quark density c had for Q 2 ≤ 10 GeV 
For the beauty-quark density b had for Q 2 ≤ 100 GeV 2 )/α for the CJKL and FFNS cjkl models and GRS LO [5] and SaS1D [42] parametrizations compared with the experimental data [28] - [39] , for small and medium Q 2 as a function of x (logarithmic scale). If a few values of Q 2 are displayed in the panel, the average of the smallest and biggest Q 2 was taken in the computation. [39] for the Q 2 -dependence of the averaged over 0.1 < x < 0.6 F γ 2 /α with the predictions of the CJKL and FFNS cjkl models and GRS LO [5] and SaS1D [42] parametrizations. 2 )/α calculated in the CJKL, FFNS cjkl models and SaS1D [42] and GRS LO [5] parametrizations with the OPAL measurement [44] .
